In this paper, we investigate the growth of meromorphic solutions of some linear difference equations. We obtain some new results on the growth of meromorphic solutions when most coefficients in such equations are meromorphic functions, which are supplements of previous results due to Li and Chen (Adv. Differ. Equ.
Introduction and main results
In this article, a meromorphic function always means meromorphic in the whole complex plane C, and c always means a nonzero constant. We adopt the standard notations of the Nevanlinna value distribution theory of meromorphic functions such as T(r, f ), m(r, f ) and N(r, f ) as explained in [-] . In addition, we will use notations ρ(f ) to denote the order of growth of a meromorphic function f (z), λ(f ) to denote the exponents of convergence of the zero sequence of a meromorphic function f (z), λ( 
has infinite order and ρ  (f ) = .
Moreover, Xu and Zhang [] extended the above result from entire coefficients to meromorphic coefficients.
It is well known that 
The main purpose of this paper is to investigate the growth of meromorphic solutions of certain linear difference equations with meromorphic coefficients. The remainder of the paper studies the properties of meromorphic solutions of a nonhomogeneous linear difference equation. In fact, we prove the following results, in which there are still some coefficients dominating in some angles.
Theorem . Let k be a positive integer. Suppose that
A j (z), B  (z) ( ≡ ) (j = , , . . . , n) are all entire functions and max{ρ(A j ), ρ(B  ) :  ≤ j ≤ n} = α < k. Let α  , β  be two distinct complex numbers such that α  β  =  (suppose that |α  | ≤ |β  |). Let α  be a strictly negative real constant. If arg α  = π or α  < α  , then every meromorphic solution f (z) ≡  of the equation A n (z)f (z + n) + · · · + A  (z)f (z + ) + A  (z)e α  z k f (z + ) + A  (z)e α  z k + B  (z)e β  z k f (z) =  (.) satisfies ρ(f ) ≥ k + . Theorem . Suppose that A j (z), B  (z) ( ≡ ) (j = , , . . . , n) are all meromorphic functions and max{ρ(A j ), ρ(B  ) :  ≤ j ≤ n} = α < . Let α  , β  be two distinct complex numbers such that α  β  =  (suppose that |α  | ≤ |β  |). Let α  be a strictly negative real constant. If arg α  = π or α  < α  , then every meromorphic solution f (z) ≡  of the equation A n (z)f (z + n) + · · · + A  (z)f (z + ) + A  (z)e α  z f (z + ) + A  (z)e α  z + B  (z)e β  z f (z) =  (.) satisfies ρ(f ) ≥ .
Theorem . Under the assumption for the coefficients of
(.) in Theorem ., if f (z) is a finite order meromorphic solution to (.), then λ(f -z) = ρ(f ). What is more, either k +  ≤ ρ(f ) ≤ max{λ(f ), λ(  f )} +  or ρ(f ) = k +  > max{λ(f ), λ(  f )} + .
Theorem . Under the assumption for the coefficients of
Liu and Mao [] considered the meromorphic solutions of the difference equation
one of their results can be stated as follows.
In this paper, we extend and improve the above result from entire coefficients to meromorphic coefficients in the case where the polynomials P j (z) are of degree .
Next we consider the properties of meromorphic solutions of the nonhomogeneous linear difference equation corresponding to (.)
where 
Some lemmas
In this section, we present some lemmas which will be needed in the sequel.
Lemma . []
Let f (z) be a meromorphic function of finite order ρ, be a positive constant, η  and η  be two distinct nonzero complex constants. Then
and there exists a subset E  ⊂ (, ∞) of finite logarithmic measure such that, for all z satisfying |z| = r / ∈ [, ] ∪ E  , and as r → ∞,
Lemma . []
Let f (z) be a meromorphic function of finite order ρ, then, for any given > , there exists a set E  ⊂ (, ∞) of finite logarithmic measure such that, for all z satisfying |z| = r / ∈ [, ] ∪ E  , and as r → ∞,
where
Lemma . applies in Theorem . where A(z) ( ≡ ) is an entire function.
be nonconstant polynomials, where a jq (q = , . . . , n) are distinct complex numbers and
) : δ(P j , θ ) = } is a finite set, which has linear measure zero.
, then we have the same result.
Lemma . [] Consider g(z) = A(z)e az , where A(z) ( ≡ ) is a meromorphic function with
is sufficiently large): 
Lemma . []
Let f j (z) (j = , , . . . , n, n ≥ ) be meromorphic functions and g j (z) (j = , , . . . , n, n ≥ ) be entire functions such that
, where E is an exceptional set of finite linear 
Proofs of the results

The proof of Theorem 1.1
Suppose that (.) admits a nontrivial meromorphic solution f (z) such that ρ(f ) < k + , then by Lemma ., for any given such that  < < min{k +  -ρ, k -α,
for all r outside of a possible exceptional set E  with finite logarithmic measure. Applying Lemma ., we have
for all r outside of a possible exceptional set E  with finite linear measure. Therefore from (.) we can get that
). Case . arg α  = π , which is θ  = π . Subcase .. Assume that θ  = ϕ  . By Lemma ., for the above , there is a ray arg z = θ such that θ ∈ [-
(where E  and E  are defined as in Lemma ., Since A j (z), B  (z) ( ≡ ) (j = , , . . . , n) are entire functions and max{ρ( 
By (.) and (.), we have
Substituting (.), (.), (.), (.) and (.) into (.), we obtain
, using a proof similar to the above, we can get a contradiction. Subcase .. Assume that θ  = ϕ  . By Lemma ., for the above , there is a ray
For a sufficiently large r, by Lemma ., we get
By (.) and (.), we get
Substituting (.), (.), (.), (.) and (.) into (.), we obtain
by Lemma ., we get
By (.) and (.), we get
Using the same reasoning as in Subcase ., we can get a contradiction. Subcase .. Assume that θ  = ϕ  , then θ  = ϕ  = π . By Lemma ., for the above , there is a ray arg z = θ such that θ ∈ [
For a sufficiently large r, we get (.), (.) and (.) hold. Using the same reasoning as in Subcase ., we can get a contradiction. Thus we have ρ(f ) ≥ k + .
The proof of Theorem 1.2
Since A j (z), B  (z) ( ≡ ) (j = , , . . . , n) are meromorphic functions and max{ρ(A j ), ρ(B  ) :  ≤ j ≤ n} = α < , then when δ(α  z, θ ) > , β(a  z, θ ) <  for a sufficiently large r, by Lemma ., we have
Then, using a similar argument to that of Theorem ., we obtain a contradiction. http://www.advancesindifferenceequations.com/content/2014/1/306
The proof of Theorems 1.3 and 1.4
Suppose that f (z) is a nonconstant meromorphic solution of (.) such that ρ(f ) < ∞. We first prove that λ(
Now, for any given > , applying Lemma . and Theorem ., we can deduce that
This implies that
Assume that z =  is a zero (or a pole) of f (z) of order m. Applying the Hadamard factorization of a meromorphic function, we write f (z) as follows:
where P  (z), P  (z) are entire functions such that ρ(
)} + . Now, we obtain from (.) that where
and
Thus, Lemma . is valid for (.), hence we get that h j (z) ≡  for j = , , . . . , n + , a contradiction to our assumption. This completes our proof.
The proof of Theorem . is similar to that of Theorem ..
The proof of Theorem 1.5
Let f ( ≡ ) be a meromorphic solution of (.). Suppose that ρ(f ) < , then by Lemma ., for any given > , there exists a subset E ⊂ (, ∞) of finite logarithmic measure such that for all z satisfying |z| = r / ∈ [, ] ∪ E, and as r sufficiently large, we have 
Set E  = n j= F j , then E  is a set of linear measure zero. Since α j are distinct complex constants, then there exists only one l ∈ {, , . . . , n} such that δ(α l z, θ ) = max{δ(α j z, θ ) : j = , , . . . , n} for any θ ∈ [, π)\(E  ∪ E  ). Now we take a ray
We discuss the following two cases.
Case . δ  > . We rewrite (.) in the form 
This is impossible. Case . δ  < . By (.), (.) and (.), we get for z = re iθ  and sufficiently large r / ∈
This is a contradiction. Hence we get ρ(f ) ≥ .
The proof of Theorem 1.6
Considering a j (z) = A j (z)e Then, using a similar argument to that of Theorem . and Theorem . and only replacing (.) (or (.)) by (.) (or (.)), we can prove Theorem ..
The proof of Theorem 1.7
Let f (z) ≡  be a meromorphic solution of (.). Suppose that ρ(f ) < , then by Lemma ., we obtain ρ(F) = ρ( Since α j are distinct complex numbers, by Lemma ., we obtain that the order of the left-hand side of (.) is . This contradicts ρ(F) < .
For a j (z) = A j (z)e α j z + D j (z), by using an argument similar to the above, we also obtain a contradiction. It is obvious that max{λ(f  ), λ(
)} = ρ(f  ) provided that  < ρ(f  ) < . Therefore we have max{λ(f  ), λ(
